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FOREWORD 

The Apollo model FS-2 t es t s  were conducted under 
NASA Apollo Contract NAS9- 150 from 21 August to 
27 August 1962. 

This report  was prepared by D.G. Cummings of the 
Wind Tunnel Projects Group, Los Angeles Division of 
North American Aviation, Inc. 

This report  has been reissued with amendments to 
the data sections; all copies of the original issue, 
dated 20 November 1962, should be destroyed. 
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ABSTRACT 

Tabulated and plotted resul ts  f rom force tes t s  of the 
0. 105-scale Apollo Model FS-2 in the NAA Trisonic 
Wind Tunnel at Mach numbers 0.4, 0 .7 ,  and 3 . 5  a r e  
presented. 
te r i s t ics  of the command module in  the clean config- 
uration and with umbilical and tie-down pads (Mach 
number 3 .  5) on the heat shield. 
various Reynolds numbers a r e  presented with oil-drop 
flow pictures and Schlieren photographs. 

These data consist of longitudinal charac- 

Data obtained at 

Basic wind tunnel test data a r e  included to make the 
tes t  resul ts  available at the ear l ies t  possible date. 
Analyses and summary  of resul ts  will be reported in 
a separate  document. 

. 
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I. INTRODUCTION 

Wind tunnel tes t s  of the 0. 105-scale Apollo force model FS-2 were con- 
ducted in the North American Aviation 7- by 7-fOOt Trisonic Wind Tunnel. 
These tests were a continuation of previous FS-2 model tests’ and were 
conducted to further investigate the effect of Reynolds number on the low- 
speed character is t ics  of the command module over an angle-of-attack range 
from -10 to 180 degrees. 
angle of attack of 150 degrees using the oil drop technique. 
were performed at Mach number 0.20. 

Flow studies were conducted on the model at an  
These flowstudies 

This investigation was conducted to obtain aerodynamic force and 
stability character is t ics  of the command module at nominal Mach numbers 
of 0.4,  0.7, and 3.5. Additional investigations were conducted on the com- 
mand module at Mach number 3.5 to study the effects of bumps on surface of 
heat shield. 
after separation from the service module with the tension t ies,  shear  pads, 
and the umbilical pad exposed. 

These bumps represent the condition of the command module 

i” 

ISmith, H. C. 
Aviation Trisonic Wind Tunnel (TWT 79). 

Data Report for Apollo FS-2 model in the North American 
\ 4 
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I I .  MODEL DESCRIPTION 

To cover the required angle-of-attack range, two command modules 
were used. 
aluminum shells. 
were positioned s o  that there  were six different balance installations in  which 
the angle between the model axis and balance axis was varied. 
command module configuration is shown in Figure 1. 

The modules consisted of s teel  balance blocks enclosed by cast  
Both modules were identical except that  balance cavities 

The basic 

In addition to the basic module, bumps consisting of shear  pads, tension 
t ies,  and the umbilical pad were added to the surface of heat shieldto simulate 
the condition of command module af ter  separation from service module. 
This configuration is i l lustrated in  Figure 2. 

Structural  analysis of the basic model is contained in  SID 62-104.l 

INSTRUMENTATION 

1 
Six-component force and moment data were measured by the revised 

2-3/4-inch Task Mark I-A internal balance mounted to the sting assembly. 

Balance chamber pressure  was measured by a Statham differential 
p ressure  transducer, type PM6*5-700, referenced to a preselected pressure.  

TEST MODELS 

Model data - are presented in  the following listing. 

Symbol 

c2 

c 2 0  

Description 

Command module 
Maximum 
diameter = 154 in. 

Same as C2 except tension 
t ies,  shear  pads and 
umbilical pad were added to 
heat shield area 

Drawing No, 

T121-01077 

CO 7121-126 

Sketch 

Figure 1 

Figure 2 

;S, IMcClain, C. B. 
Tunnel Model FS-2. NAA/S&ID SID 62-104 (12 March 1962). 

Structural  Analysis of the 0. 105-Scale Apollo Wind 
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MODEL FULL-SCALE DIMENSIONS 

The full-scale dimensions of the C2 command module a r e  as follows: 

Max diameter 
Radius of spherical blunt end 
Corner radius 
Nose cone semi-angle 
Nose cone vertex radius 
Total height 
Frontal  a r e a  

154.0 in. 
184.8 in. 

7 .7  in. 
33.0 deg 

9.152 in. 
135.021 in. 
129.351 f t 2  

The full-scale dimensions of the Cz0 command module a r e  as follows: 

Same as C2 except 
three shear  pads mounted 
on blunt face spaced at fl 

Outside diameter of pads 
Inside diameter of pads 
Shear pad thickness 
Six tension t ies mounted 

on blunt face spaced a t  fl 

Diameter, tension t ies 
Distance from top surface of tension 

tie to blunt space surface of module 

Umbilical pad on blunt space 

Radius of pad to be tangent to 
thickness of pad 

surface of module outside edge 
of blunt face 

Width of umbilical pad 
Taper radius 
Location of umbilical pad between 

8 = 0.50 to 35 degrees 

- 6 -  

12.75 deg 
132.75 deg 
242.75 deg 

12.78 in. 
4.0 in. 
0.38 in. 

12.75 deg 
47.25 deg 

132.75 deg 
192.75 deg 
242.75 deg 
312.75 deg 

0.595 in. 

3.62 in. 

1.14 in. 

19.5 in. 
2.48 in. 

I 
I 
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111. TEST PROCEDURE 

MODEL INSTALLATION 

The FS-2 Apollo force model was installed on the Task 2-3/4 inch 
Mark I-A internal balance mounted on the 7121-01082 sting. The sting is 
mounted on the H-998 fixed sting support on the H-822-3 sector head. 
sector was located so that the center of rotation was at tunnel station 3735 
when testing transonically. 

The 

Upon completion of the transonic test, the sector was repositioned for 
supersonic testing with the center of rotation at tunnel station 3563. 

During the operation of this tes t  in Trisonic Wind Tunnel, an angle-of- 
attack range of -15 to 30 degrees was covered with the sector support system. 
This range combined with the various model offset angles ( 6 )  allowed adequate 
coverage fo r  the angle of attack on the model. 
model and balance 180 degrees on the sting to  cover the angle-of-attack range 
of -10 to 20 degrees and 90 to 120 degrees on the model. This operation was 
necessary because of the unavailability of one command module that contained 
the offset  angles of 8 = 0 and 100 degrees. 

It was necessary to rol l  the 

A typical tunnel installation is shown in Figure 3, and the actual instal- 
lation used in these tes t s  is shown in Figures 4 to 6. 

INSTRUMENTATION 

The electrical  output of each element passed through an analog-digital 
converter and was recorded on magnetic tape. 
on the ALWAC 111-E digital computer using program A033. 

The magnetic tape was reduced 

The balance chamber pressure  was measured using a column of mercury.  
The output of the Stratham transducer was recorded on the data system. 
corrections based on balance chamber pressure were applied to  the data. 

No 

Black and white Schlieren photographs were taken during the supersonic 
portions of the tes t  (Figures 7 to 10). Flow visualization photographs taken 
at Mach number 0.2 (Figures 11 through 16). 

- 7 -  
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DATA REDUCTION 

All angle-of-attack data were corrected fo r  sting and balance deflection. 
Although balance pressure was measured, no corrections were made to the 
data for base drag. 

Force and moment coefficients were computed based on the following 
geometric constants: 

2 A = Model reference a rea ,  1.4261 f t  (maximum cross-sectional a rea)  

D = Model reference diameter, 16. 17 in. (maximum diameter of 
command module) 

The reference center of gravity location for the command module alone 
was Z / D  = -0.686 a n d Z / D  = 0.059.  

i 

DATAACCURACY 

The balance and recording instrumentation were se t  to provide maximum 
possible sensitivity within the capabilities of the amplifying instrumentation 
and the limits established by keeping maximum loads less  than full scale on 
the recorders.  

At Mach numbers 0.2 and 0.4, the coefficient accuracy suffers because 
the free-s t ream dynamic pressure  (9) is too low relative to the capacity and 
accuracy of the balance. In addition, the instrumentation fo r  recording 
tunnel pressures  used in computing q is not sufficiently accurate o r  sensitive I 

- 8 -  
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enough at the low values of q. The probable coefficient e r r o r s  for all tes t  
" 1  

conditions a r e  listed as follows: 

0.4 0.007 0.008 0.0018 0.005 0.007 0.010 

0.7 0 . 0 0 5  0.004 0.0009 0.004 0.003 0 . 0 0 5  

3 .5  0 . 0 0 3  0 .003  0.0006 0.002 0.002 0.005 

- 9 -  
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Figure 4. Rear  View of Command Module - C2 

Figure 5. Front View of Command Module - C2 
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Figure 6. Heat Shield (Czo)  with Shear Pads,  Tension 
Ties and Umbilical Pad  at a = 150 Degrees 

/ 

I 
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Figure 7. Typical Schlieren of Command Module 
(Czo) at M = 3. 5, Q! = 150 Degrees 

Figure 8. Typical Schlieren of Command Module 
( C z o )  at M = 3. 5, = 180 Degrees 

- 13 - 
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Figure 9. Typical Schlieren of Command Module 
(CZ) a t  M = 3.5, a = 150 Degrees 

Figure 10. Typical Schlieren of Command Module 
i (Cz) at  M - 3.5, a = 180 Degrees i’ 
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Before 

After 
\ 

Figure 11. Typical Oil Flow Photographs of Command Module Heat Shield 
(C2) - a = 150 Degrees, M = 0. 20, RN = 2.7 x 106 

9 - 15 - 
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Before 

, 
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After 

Figure 12. Typical Oil Flow Photographs of Command Module Left Side I 

= 150 Degrees,  M = 0. 20, RN = 2 . 7  x 106 

- 16 - 
SID 62-1212 



N O R T H  A M E R I C A N  A V I A T I O N ,  INC. SPACE and INFORMATION SYSTEMS DIVISION 

* I >  

i 

Before 

After 

Figure 13. Typical Oil Flow Photographs of Command Module Right Side 
(Cz) - Q = 150 Degrees, M = 0. 20, RN - 2. 7 x lo6  
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Before 

After 
Figure 14. Typical Oil Flow Photographs of Heat Shield (CZ) i 

6 - a = 150 Degrees,  M = 0. 20,  RN = 6 .0  x 10 
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1 
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Before 

After 

- Q = 150 Degrees, M = 0. 20, RN = 6.0  x 106 
1 Figure 15. Typical Oil Flow Photographs of Command Module Left Side (C2) 
1 
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Before 

After 

j 
Figure 16. Typical Oil Flow Photographs of Command Module Right Side 

(Cz) - a = 150 Degrees, M = 0. ZO,.$’RN = 6.0 x lo6 
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IV. NOMENCLATURE 

MO=Mach 
Po 
Ho 
TTo 

Pb  
PBC 
RN 
a 

q=Q 

A 

d=D 

2, 

'52 

- 
Z 

Test  section free-s t ream Mach number 
Test  section free-s t ream static pressure,  lb/ft2 
Test  section total  pressure,  lb/ft  
Test  section free- stream total  temperature, "R 
Test  section free-s t ream dynamic pressure,  lb/ft2 
Balance chamber pressure,  lb/ft2 
Balance chamber pressure coefficient, Pb-PO/QF 
Reynolds number x base on reference diameter 
Angle of attack of model axis of symmetry (zero fo r  

Angle of yaw of model, degrees 
Model roll angle relative to the tunnel center-line 

(+B=O" and 180" fo r  these tes ts  whenever Roted) 
Angle between balance axis and model axis of 

symmetry,  degrees 
Model reference a rea ,  1.4261 f t2  (maximum cross-  

sectional a r e a  of command module) 
Model reference diameter, 1,3475 f t  (maximum 

diameter of command module) 
Distance along model a f rom command module 

apex to C. G., inches; negative when aft of apex, 
Perpendicular distance from model E to C. G., 

inches, positive when below model E 

2 

apex forward), degrees 

STABILITY SYSTEM OF AXES WITH ORIGIN AT CENTER OF GRAVITY 

CD Drag coefficient, drag/qA 
CL Lift coefficient, lift/qA 
CMS=Cmcg Pitching-moment coefficient, pitching moment/qAd 
CY Side-force coefficient, side-force/qA 
CNS Yawing-moment coefficient, yawing moment/qAd 
CLS Rolling-moment coefficient, rolling moment/qAd 
L /D Lift-to-drag ratio, CL/CD 

BODY SYSTEM OF AXES WITH ORIGIN AT CENTER OF GRAVITY 

CA Axial-force coefficient, axial force/qA 
CN 

#I CNB Yawing-moment coefficient, yawing moment/qAd 
CLB Rolling-moment coefficient, rolling moment/ qAd 

Normal force coefficient, normal force/qA 

c - 21 - 
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BODY SYSTEM O F  AXES WITH ORIGIN AT COMMAND MODULE 
PROJECTED CONE APEX 

CMA Pitching-moment coefficient, pitching moment/qAd 
XCPN Location of normal force center of pressure  divided 

by the command module diameter measured from 
the apex, CMA/CN; negative when aft of apex 

SUBSCRIPTS 

S 
B 

Referenced to the stability axes system 
Referenced to  the body axes system 

I 
I 
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DATA FORMAT 

The key to reading the tabulated data i s  as follows: 

1. 

2. 

3.  

The f i rs t  two lines at the top of each page contain the following 
identification. 

TWT 80 = Trisonic Wind Tunnel Test  No. 80 
Blow xx = The blow number 
Config = Configuration tested 
Theta = Model Offset Angle ( 0 )  

F i r s t  Page - Tunnel conditions 

BN = Block number, identifies block of data computed 

Alpha = Angle of attack, deg 

Yaw = Angle of yaw, deg 

Mach = Test  section Mach number 

RN = Reynold’s number x (based on command module 
diameter, 16. 170 inches) 

HO = Test  section total pressure,  psfa 

PO = Test  section static pressure,  psfa 

Q = Test section dynamic pressure,  psf 

TTO = Test  section total temperature, deg Rankin 

Dec = Number of decimal places to the left of the last digit 

Second Page - Body axis data and balance chamber pressure 

BN = Block number, identifies block of data computed 

Alpha = Angle of attack, deg 

Yaw = Angle of yaw, deg 

A-3 
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CA = 

CN = 

CNB = 

CLB = 

XCPN = 

XCPY = 

PBC = 

CMA = 

Dec = 

Axial force coefficient 

Normal force coefficient 

Yawing moment coefficient, about C. G. body axis 

Rolling moment coefficient, body axis 

Location of the normal force center of pressure 
divided by the command module diameter. 

No data 

Balance chamber pres  sure  coefficient 

Pitching moment coefficient about the command module 
apex 

Number of decimal places to the left of the last digit 

4. Third Page - Stability axis data and Lift to Drag ratio 

BN = Block number, identifies block of data computed 3 
Alpha = Angle of attack, deg 

Yaw = Angle of yaw, deg 

CD = Drag coefficient 

CL = Lift coefficient 

CMS = Pitching moment coefficient, about the center of gravity, 
stability axis 

CY = Side force coefficient 

CNS = Yawing moment coefficient, about C. G. stability axis 

CLS = Rolling moment coefficient, stability axis 

LID 

Dec 

= Lift to Drag ratio 

= Number of decimal places to the left of the last digit 

i 
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